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Introduction
The band structure of diamond has been extensively studied by several authors l -5 in recent years. We will focus here on,those calculations ~tilizing.
the empirical pseudopotential method l -3 (EPM) with the aim of ext~nding these calculations. Since good pseudopotential calculations for silicon are presently available in the literature~ it would seem to be possible to combine the best sets of form factors for C and Si to determine a cons~stent band s~ruc-ture for SiC. Furthermore, the form factors for C can be used to determine the symmetric part of the form factors for BN and BP. However, before proceeding directly toward these goals, further improvement on the presently available diamond calculations is considered necessary as the resulting band structures do not yield a totally satisfactory fit to the experimental optical data. In particular, the calculated £2 spectra of diamond do not match the measured spectra very wel1 3 , especially with respect to the line shape in the low energy region and the positi.on of the mab! peak.
In an attempt to correct for the above defiCiencies, we present in this paper another calculation of the band structure and optical properties of diamond. However, instead of making the usual assumption that the pseudopotential can be approximated by a local, spherically'""symmetric potential which is independent of the angular momentum of the state under consideration, -+-we have included a non-local term VNL(r) to account for the angular-momentum dep~n~ence of the pseudopotential. Such a term does indeed lead to an improved line shape in the low energy region, and yields a main peak whose position is in excellent agreement with ·e~eriment. In addition, the band structure thus obtained suggests a new interpretation of some of the optical structure.
In what follows, we shall describe more fully the details and results of these calculations. The paper will be presented in three sections: section I 
attractive Coulomb crystal potential, V , and a non-local, angular-momentum':" c dependent repulsive potential, V R , which arises from the orthogonality 6f the true wavefunctions to the core states.
In order to solve equation (2) , the usual procedure is to assume the cancellation between V R and Vc to be almost complete, and to replace Vp by a weak potential which is independent of angular momentum. In addition, one generally approximates the pseudopotential by a local, spherically symmetric potential, which ~s assumed to be expressible as a superposition of local, 
where R is the diamond core radius in the crystal, assumed to retain its free s ,.
atom value of approximately 0.2A, and A and ~ are treated as parameters. This choice of U(I!.I) is vaguely suggestive of the Coulomb potential (proportional to"!') felt by an atomic p-electron, which has an associated ra.dial charge r ...
-~r
density of the form r e , in the presence of a point nucleus. The calculation resulting from this choice of U will be the only one discussed in this paper. 
. For the non-local term VNL(r) we also neglect the contributions of those plane waves with El < 1~+G12 < E 2 • A typical matrix element of V NL is of the
where ) (12) jl is the spherical Berse1 function of order 1, eGG' is the angle between the vectors k+Q and ~+G', and nand S are the volume of the unit cell and strutture factor as defined previously. The integral is evaluated numerically.
Satisfactory convergence is obtained by choosing E 1 =12.50 and E 2 =30.10.
The EPMmethod of solution of (5) can then be used to calculate £2 via the expression (13) where is the EPMinterband oscillator strength, Ik,c) and Ik,v) are the EPM wavefunctions for the conduction and valence bands at the pOint k, S is a surface of constant interband energy Evc=Ec-E v ' and Ec and Ev are the energies of the conduction and valence bands, respectively. The details of evaluating the sums over initial arid final states is described e1sewhere l4 • The only modifications are that the mesh. size is defined by dividing the distance rx into ten parts, each cube is divided into 125 equal subcubes, yielding -13,600 random points, and quadratic interpolation between mesh points is used instead of linear interpolation. The whole process is repeated until satisfactory agreement with the optical data is obtained or until no further improvement can be obtained.
The available optical data for diamond can be summarized by a plot of £2 16 , as shown by the dashed line in Fig. 2 . We also list the measured values of the conduction band minimum, ~min, and the threshold for indirect transitions E . 17,18 (see Table II Unfortunately, no clear cut interpretations of the critical points causing the principal structure in the low energy region of the diamond £2 spectrum exist. The shoulder ~t 7.2 eV is temperature independent l6 , which suggests that the threshold for direct transitions is near this energy.
However, there is some debate as to whether this fundamental absorption edge begins with transitions at r or L3. The peak at 7.8 eV is temperature dependent, which suggests the possibility of its being caused by an exciton;
however, previous calculations yield no critical point near this energy with which such an exciton can be associated. By contrast, the origin of the main peak at 12 eV is understood to arise from4~5 transitions starting at X (X4~Xl) and extending out along the L: directions, where there is a large region of essentially parallel bands. The structure at 16 eV is not sharp and is at too high an energy to be given accurately by our EPM approximation.
For the purposes of this calculation, then, the only unambiguous experimental data to which the form factors can be fit are the threshold for indirect transitions, the position of the conduction band minimum, and the position of the main peak, which is expected to lie near the X4~Xl transition energy. The experimental values taken for these quantities are listed in Table II , under experiment. In addition, we assume that the threshold for direct transitions occurs at r with energy in the vicinity of 7 eVe Since UCRL-19l97 9 prior calculations agree fairly well with all of the above data but the position of the main peak, we have directed our efforts towards improving this value. As a starting point in our calculation, we use the local form factors V 1ll , V 220 , V 311 , V 222 of Saslow l et. a1. (Table I) arises primarily because of the sampling procedure used in evaluating the sums over initial and final states in (13) . In this range, the energies change quite rapidlyw1tth position in the-B.Z. 'As a result, the meshes used to divide up the Brillouin zone when performing the sums are probably too coarse to yield accurate energy levels and EPM oscillator strengths at 'random k values . in this region. Previous experience indicates that dividing theBZ into a finer mesh should smooth out the curve in this region. This belief is strengthened by the fact that the calculated reflectance (Fig. 3) is absolutely smooth in this range. In the interval 10-11.5 eV,the major contribution to £2 comes from 4+5 transitions in the interior of the zone, coming closer to the region around K,U,X as the energy increases. The steep rise in £2 is due to the fact that the oscillator strengths become significantly stronger as one goes away from r, L and toward the region around K,U,X.
The large main peak at 11. The agreement between theory and experiment in the 7-10 eVregion is not extremely good, but this range has always been a troublesome one for theorists.
As remarked earlier, the cause of the experimental s.tructure between 7-8 eV is very uncertain. The calculated £2 starts off with a slope very similar to that of the measured curve, but displaced approximately 0.8 eV higher in energy. The shape of this absorption edge is much improved over that obtained. we do not also assume that r 2S t+r 1S forms the threshold for direct transitions, but instead delegate this honor to the r 2S ,+r 2 , transition occuring near 7 eVe
In the region 8.5 to 10 eV, the calculated £2 is too strong and too rough.
The roughness probably arises from sampling techniques, as discussed previously, and disappears altogether in .the reflectance (Fig. 3) , Which is very smooth in this region; the magnitude of the curve is still larger than the experiment in this region. • Table Captions UCRL-19197 19 .04l
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